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The current study was conducted to evaluate the modulating efficacy of prolonged
administration of Aloe vera extract against g-irradiation-induced oxidative stress in
male rats. Aloe vera extract was orally administrated in a dose of 300 mg/kg body weight
daily for 21 successive days before irradiation (5 Gy as an acute dose) and 7 days post
exposure. The oxidative stress markers; malondialdehyde (MDA), reduced glutathione
(GSH) and metallothionein (MT) were estimated in hepatic tissues. Levels of certain trace
metals namely iron, copper and zinc were determined in blood, liver and intestinal
tissues as well as in Aloe vera extract, in addition histological examination of liver tis-
sues was investigated. Rats exposed to ionizing radiation had elevation in MDA, deple-
tion in GSH and MT level, in addition to alterations in trace metal concentration in blood,
liver and intestine. Photomicrograph showed abnormalities in hepatic tissues. Aloe vera
extract administration pre- and post-g-irradiation resulted in noticeable improvement in
the studied antioxidant status of liver tissue; restored the control levels of Fe and Cu
levels in liver and intestine as well as intestinal Zn. In conclusion, Aloe vera extract have
a beneficial protective effect against radiation-induced oxidative stress.
Copyright ª 2013, The Egyptian Society of Radiation Sciences and Applications. Production
and hosting by Elsevier B.V. All rights reserved.1. Introduction from interaction between cellular constituents and ROSReactive oxygen species (ROS) such as hydroxyl radical (OH),
superoxide anion radicals (O  2) and hydrogen peroxide
(H2O2) were produced as a response to ionizing radiation (Ho,
Magnenat, Gargano, & Cao, 1998). Mammalian cells are
equipped with both enzymatic and non-enzymatic antioxi-
dant mechanisms to minimize cellular damage resulting(A.M. Hawas).
ptian Society of Radiation
evier
yptianSocietyofRadiationScie(Forman & Fisher, 1998). Under normal conditions, a delicate
balance exists between the generation of ROS and the cellular
antioxidant systems. Over production of ROS in both intra-
and extra-cellular spaces upon exposure of cells to ionizing
radiation results in oxidative stress due to the imbalance
between pro-oxidants and antioxidants (Dasgupta et al.,
1997). There is a growing interest in the pharmacologicalSciences and Applications
ncesandApplications. ProductionandhostingbyElsevier B.V.All rights reserved.
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(Pietta, Simonetti, & Mauri, 1998).
The Aloe vera plant, Aloe barbadanisMiller, family Liliaceae
(Lily of the desert) is the most investigated and used of more
than 300 species of aloe. It is one of themost-known herbs and
has been widely used for centuries. Aloe is commonly known
for its tropicaluse to treatwoundsandburns.Aclinical trialhas
demonstrated the usefulness of Aloe vera for the prophylaxis
of radiation-induced dermatitis (Saito et al., 2012). The aloe
plant is the source of twoherbal preparations: aloe gel and aloe
latex. Aloe gel is often called “aloe vera” and refers to the clear
gelormucilaginoussubstancesproducedbyparenchymal cells
located in the central region of the leaf. Diluted aloe gel is
commonly referred to as “Aloe vera extract”. The gel is
composed mainly of water (99%) and mono- and poly-
saccharides (25% of the dry weight of the gel). In addition aloe
vera contains 75 potentially active constituents that include
vitamins,enzymes,minerals, sugars, lignin, saponins, salicylic
acids andaminoacids (Shelton, 1991).Many investigators have
shown that Aloe vera extract induces hepatoprotective effects
(Arosioet al., 2000;Chandanetal., 2007); protectsagainstheavy
metals induce oxidative stress (Gupta & Flora, 2005); as well as
enhances anti-inflammatory properties (Bezakova,
Oblozinsky, Sykorova, Paulikova, & Kostalova, 2005; Wu,
2008). On the other hand, aloe vera accelerates protection and
healing effects against ulcerative colitis (Korkina et al., 2003);
promotes antioxidant status (Saada, Ussama, & Mahdy, 2003;
Lim et al., 2003) and induces immune-stimulation actions
(Hart et al., 1990; Im et al., 2010; Peng et al., 1991).
In view of these considerations, the present study was
carried out to evaluate curative effect of aloe vera (A.V.)
extract against g-radiation induced some biochemical, histo-
logical and trace element changes in rats.2. Material and methods
2.1. Experimental animals
Male albino rats weighing 150  20 g were obtained from the
Egyptian Organization for Biological Products and Vaccines. An-
imals were kept under good ventilation and illumination condi-
tions and allowed balanced standard diet and water ad-libitum.
2.2. Radiation processing
Whole body g-irradiation was performed by using 137Cs, bio-
logical irradiator source (g-Cell-40) located at the NCRRT,
Egypt. The cesium source provides a dose rate of 0.61 Gy/min.
at the time of the experiment. Animals were exposed to whole
body gamma-rays at a dose of 5 Gy as a single dose.
2.3. Extraction of Aloe vera
Fresh stemsofAloeverawerewashed thoroughly to get rid ofall
formsofdebris. The leaveswere thensliced longitudinally tocut
open the inner part of the leaves. The gel in the leaves was
scrapped into a beaker and blended to obtain a finer and lique-
fied form of the gel, the aloe juice. The juice was refrigerated
below 4 C for preservation (Safer, Crawford, & Holick, 2005).2.4. Experimental design
After adaptation period for one week, animals were catego-
rized into four groups, each of six rats. Group 1: control, non-
irradiated. Group 2: received A.V. gel extract, 300 mg/kg body
weight orally aloe vera gel (Rajasekaran, Ravi, Sivagnanam, &
Subramanian, 2006) daily for 28 consecutive days. Group 3:
were exposed to a single dose of whole body g-irradiation
(5 Gy). Group 4: received A.V. extract (300 mg/kg body weight)
daily for 21 consecutive days, then exposed to g-irradiation
(5 Gy), followed by treatment with A.V. extract (300 mg/kg
body weight) daily for 7 consecutive days. Rats were sacrificed
after 7 days of g-irradiation.
2.5. Biochemical analysis
Liver GSHwas estimated according to Beutler, Duron, and Kelly
(1963).The lipidperoxidationproductswereestimatedasTBARS
according to Yoshioka, Kawada, Shimada, and Mori (1979 and
metallothionein levels were determined by Ag-saturation
hemolysate method according to Scheuhammer and Cherian
(1986) andBienengra¨ber, Forderkunz, Klein, andSummer (1995).
Trace metals were determined in Aloe vera extract, blood,
liver and intestine tissues after digestion in pure concentrated
nitric acidandhydrogenperoxideat 5:1 ratio (IAEA, 1980, p. 397),
sample digestion was carried out using Milestone MLS-1200
Mega, High Performance Microwave Digestor Unit (Italy). The
selected metals were estimated using UNICAM 939 Atomic Ab-
sorption Spectrometry (England), equipped with deuterium
background correction. All solutions were prepared with ultra
pure water with a specific resistance 18 U cm1, obtained from
ELGA,UltraPureWaterStation (England).Thebiochemicalassay
was achieved using Helios g UV/VIS Spectrophotometers.
2.6. Histopathology of liver
After the animals were dissected, small pieces of liver were
washed and fixed in 10% (v/v) buffered formalin. Fixed sam-
ples were processed in an alcohol series, embedded in paraffin
blocks and cut sections were stained with haematoxylin and
eosin according to standard histological techniques.
2.7. Statistical analysis
Student’s t-test was applied for the statistical analysis of
collected data to determine the probable level of significance.
The differences were considered significant at P 0.05 (Byrkit,
1980, p. 275).3. Results
3.1. The effect of A.V. administration on oxidative stress
in hepatic tissues (Table 1)
Table 1 shows that there was a significant (P  0.05) decrease
in glutathione content and a significant increase in TBARS, the
lipid peroxidation indicator in liver tissue, in irradiated group
and irradiated A.V. treated group compared to control.
Nevertheless, irradiated treated group (Rad. and A.V. ex)
Table 1 e Effect of Aloe vera extract (300 mg/kg body
weight daily for 28 consecutive days) on hepatic oxidative
stress in normal and g-irradiated rats.
Groups TBARS
(nmol/
g wet tissue)
GSH
(mg/g wet
tissue)
MT
(ug/g wet
tissue)
Control 189.0  2.99 26.83  0.78 706.7  25.84
A.V. 186.3  3.13 27.90  0.78 1302  59.93a
Radiation 248.8  2.93a 16.28  0.77a 427.9  8.17a
Rad.þA.V. 214.5  2.68a,b 21.83  1.11a,b 1003  20.15a,b
A.V. (Aloe vera extract).
Each value represents the mean  SE, n ¼ 6.
a Significant difference when comparing with the value of control
rats.
b Significant difference when comparing with the value of irradi-
ated rats.
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significant decrease in lipid peroxidation compared to irradi-
ated group. Pronounced induction of MT due to aloe vera
treatment alone compared to control and via treatment of
irradiated rats with aloe vera gel was observed compared to
control and irradiated groups.3.2. The effect of A.V. administration on essential trace
elements levels in blood, liver and intestine (Fig. 1)
Aloe vera administration led to a significant elevation in Cu
and Zn levels of liver tissue as well as in Fe and Cu levels ofBlood
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Fig. 1 e Thepercentagechangeofessentialmetals concentration in
received Aloe vera extract (300 mg/kg body weight daily for 28 con
Each value represents themean ± SE, n = 6. * Significant difference
differencewhen comparing with the value of irradiated rats.intestine tissue, while it decreased blood Cu concentration
compared with control. Irradiated rats manifested increase in
Fe and Zn in liver and intestine while they suffered from
lowering in Cu levels of blood, liver and intestinal tissues.
Irradiated group treated by A.V. extract exhibited signifi-
cant decrease in the metals in blood comparable to control
with decrease in its levels of Fe and Zn compared to irradiated
group. At the same group, Fe and Cu concentrations in liver
and intestine tissues restore normal levels. Moreover, Zn
levels in the liver tissue decreased comparison to control and
irradiated group, also it decreased in intestine tissue
compared to irradiated group. Fig. 1.
Table 2 shows the considerable amounts of essential
metals identified in Aloe vera extract.4. Discussion
Irradiation induced elevation of malondialdehyde (MDA), a
product of lipid peroxidation. The increase in the degree of
lipid peroxidation is a well knownmechanism of liver damage
(Tribble, Aw, & Jones, 1987). Radiation also induced significant
depletion in GSH concentration. Morcillo, Rucandio, and
Santamaria (2000) attributed the increase in lipid peroxida-
tion level after irradiation to the free radical productionwhich
inhibits the antioxidant enzyme activities. Glutathione plays
an important role in the detoxification of reactionmetabolites
and in regulation of cellular redox balance. The depletion in
GSH may be attributed to the enhanced utilization of theLiver
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blood, liver and intestine tissues (ug/gwet tissue) of rats that
secutive days) and/or g-irradiation. A.V. (aloe vera extract). •
when comparing with the value of control rats. # Significant
Fig. 2 e Shows the histopathological examination of liver sections of rats administrated with Aloe vera extract (300 mg/kg
body weight) daily for 28 consecutive days in normal and g-irradiated rats (1003 Magnification). Photomicrograph of
normal rat liver section showing (a) regular hepatic architecture of normal central vein, portal area, normal hepatic strands;
(b) liver treated with Aloe vera extract only (300 mg/kg body wt for 28 days) showed no morphological changes; (c) liver
section of g-irradiated rats (5 Gy) showing widening and dilated hepatic portal area, hemorrhage, inflammatory cells and
fibroblasts surrounding the portal vein, vacuolated cytoplasm, congested vessels, diluted sinusoids, necrotic cells, pyknotic
nuclei, ruptured hepatic cells, extremely diluted branch of portal vein with inflammatory cells, widening and dilated central
vein with ruptured endothelial lining cells; (d) treatment of rats with A. V. improved the morphological deformations
induced by exposure to g-irradiation (Fig. 2).
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generated by irradiation or to the diminished activity of
glutathione reductase due to the deficiency of NADPH, which
is necessary to change oxidized glutathione to its reduced
form (Pulpanova, Kovarova, & Ledvina, 1982). On the other
hand, Dahm, Bailie, and Roth (1991) attributed the decrease in
liver GSH to the inhibition of GSH efflux across hepatocytes
impaired cellular membrane. There was an inhibition in MT-
induction due to radiation exposure; MT is an intracellular
protein with high affinity for essential metals as Zn and Cu
(Kagi, 1993) and free radical scavenging (Cherian & Chan, 1993;
Sato & Bremner, 1993).
Aloe vera administration alone or as a treatment against
radiation damage highly increased MT induction; it alsoTable 2 e Concentration of some essential trace elements
in Aloe vera extract (ug/g).
Elements Concentration Elements Concentration
Fe 64.10  5.400 Ca 247.0  7.700
Cu 0.033  3.7  103 Mg 267.0  12.40
Zn 2.660  0.330 Se 0.406  0.021
Mn 0.970  0.100
Each value represents the mean of 4 samples recorded  SD.inhibited the lipid peroxidation level in irradiated rats
compared with irradiated group. Aloe vera may activate the
endogenous antioxidant enzyme systems which play a vital
role as immune system enhancers and in the management of
oxidative stress (Ozsoy, Candoken, & Akev, 2009). It was re-
ported that internal administration of aloe leaf extract ele-
vates liver antioxidant enzymes in mice (Singh,
Dhanalakshmi, & Rao, 2000). Rajasekaran, Sivagnanam, and
Subramanian (2005) and Lim et al. (2003) demonstrated that
aloe vera extract is clearly an inducer of antioxidant enzymes
by decreasing MDA formation in liver, suggesting its role in
protection against pro-oxidant-induced membrane and
cellular damage, through enhancing microsomal and cyto-
solic protein, indicating the possibility of its involvement in
the induction of protein synthesis.
Radiation induced significant alterations in the levels of
metalloelements in liver tissues. Previous irradiation studies
have revealed marked alterations in trace elements meta-
bolism (Kotb, El-Khatib, Morsey, Ramadan, & El-Bassiouni,
1990; Nada, Gharib, Noaman, & Amin, 2008). Trace elements
are either integral parts of enzyme molecules or act as accel-
erators or inhibitors of enzymatic reaction (Underwood, 1977).
Recognizing that loss of essential metalloelement-dependent
enzyme activity may at least partially account for lethality of
ionizing radiation and that Cu, Fe, Mn and Zn dependent
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O  2) and hydrogen peroxide (H2O2 as well as facilitating re-
pairs (Sorenson, 1978). On the otherhand transitionmetals can
lead to accelerate lipid oxidation reactions by hydrogen
abstraction and peroxide decomposition, resulting in the for-
mation of free radicals (Ozsoy et al., 2009). In the present work
it was observed that the accumulation in hepatic iron meet
elevation in lipid peroxidation level togetherwith inhibition in
GSH and MT levels after irradiation. It is well known that ra-
diation induced changes in hematological parameters such as
reduction of red blood cell counts, hemoglobin concentration
and hematocrit (Noaman & Gharib, 2005) may explain the
decrease in the essential metals in blood via radiation expo-
sure and the increase in Fe and Zn levels in liver and intestinal
tissues. Halliwell and Gutteridge (1990) reported that exposure
to ionizing radiation leads to generation of free radicals, which
increases lipid peroxidation and also enhances the degrada-
tion of hemoglobin, ultimately leading to increase in free
cytosolic pool of iron, which acts as a secondary initiator. Kotb
et al. (1990) suggested that accumulation of liver iron may
result from disturbances in biological functions of red blood
cells. The antioxidant role of zinc could be related to its ability
of induce metallothionein (MTs) (Winum, Scozzafava,
Montero, & Supuran, 2007). Despite of the decreasing of Zn
level in liver tissue in the irradiated treated group by aloe vera
gel, very high level of MT-induction occurred. There is
increasing evidence that MT can reduce toxic effect of several
types of free radicals including superoxide, hydroxyl and per-
oxyl radicals (Pierrel, Cobine, & Wing, 2007). Nada et al. (2008)
suggested that redistribution and acceleration of zinc meta-
bolism have stimulated the defense mechanism against radi-
ation damage. The depression in hepatic copper after
irradiation might be due to the excess of its utilization via
coproenzymes (Kotb et al., 1990) or due to de novo syntheses of
Cu-SODs and catalase which prevent the formation of O  2)
and hydrogen peroxide (H2O2 and hydroxyl radicals associated
with irradiation (Fee & Valentine, 1977). Summers, Maves,
Reeves, Arjes, and Oberley (1989) attributed the copper
depression to the radiolytic loss of essential metalloelements
cofactorswhich account for the 20% loss of bothCu-dependent
and Zn-dependent SODs in rats following irradiation.
The present study revealed that long term administration
of aloe vera extract for 21 days before irradiation and 7 days
post irradiation, exhibited protective effects on the tested
parameters. Aloe vera extract has a beneficial effect on irra-
diated damaged liver cells that minimize lipid peroxidation
and improve antioxidant enzyme activities of irradiated rats.
This could be attributed to the biologically active constituents
in aloe vera extract such as alonin, magnesium lactate, aloe-
emodin, barbalion and succinic acid (Hirata & Suga, 1977).
Thus the antioxidant effect of aloe vera gel extended from its
ability to improve the absorption of both, vitamin C and
vitamin E (Vinson, Al Kharrat, & Andreoli, 2005). On the other
hand, Choi and Chung (2003) and Eshun and He (2004) re-
ported that the multiplicity of the biological activities of aloe
vera has been attributed to the variety of its chemical com-
ponents including anthraquinones, glycoproteins, poly-
saccharides, vitamins and enzymes.
The gastrointestinal tract is, after the bone marrow, the
most sensitive organ to the effects of radiation (Dalla, 1968).McKenzie, Baker, Buffinton, and Doe (1996) suggested that the
prooxidative imbalance created by the over production of ROS
can directly enhance intestine injury. The present work
exhibited improvement of the essentialmetals in the intestine
of irradiated rats treatedwith aloe vera extract comparedwith
irradiated rats; restored the normal levels. According to
Langmead et al. (2004), aloe vera gel when ingested twice daily
for 4weeks, seems to have therapeutic effects in inflammatory
bowel disease. Several essential trace elementswere identified
in aloe vera extract (Bezakova et al., 2005). Saada et al. (2003)
concluded that the synergistic relationship between the ele-
ments found in the leaf of aloe vera extract could be a useful
adjunct formaintaining the integrity of the antioxidant status.
The glutathione protects hepatocytes by combining with
the reactive metabolites induced by irradiation, thus pre-
venting their covalent binding to liver protein. We suggested
that the aloe vera extract pretreatment may limit the deple-
tion of GSH and the severity of the oxidative stress by pre-
venting the protein adduct formation, thereby protecting liver
protein. Sabeh, Wright, and Norton (1993) identified that
parenchymal leaf gel of aloe vera plant contains glutathione
peroxidase activity; it also contains one atomof Se per subunit
as found with most glutathione peroxidase from animal
sources. Aloe vera contains, in addition, vitamins A, C, E, B12,
folic acid and choline as well as minerals as calcium, chro-
mium, copper, selenium, magnesium, manganese, potas-
sium, sodium and zinc (Surjushe, Vasani, & Saple, 2008).
Exposure of animals to ionizing radiation causes injury to
blood vessels provoking anoxia of tissues with degeneration
and necrosis of hepatic parenchyma (Jirtle, Ancher, & Alati,
1990). In addition, cytoplasmic changes including swelling,
vacuolation and alteration of the various components of the
plasma membrane were seen (Majno & Joris, 1996). Histolog-
ical damage to hepatocytes due to irradiation might be
explained on the basis that radiation induced depletion in
glutathione contents and increased lipid peroxidation which
caused cell membrane damage (Saada, Azab, & Zahran, 2001;
Said, Rezk, & Saada, 2005). Radiation also produced changes in
the composition of lipid membrane (Fonck, Scherphof, &
Konings, 1982). These changes alter membrane fluidity
(Schachter, 1984). Once membrane fluidity is altered, mobili-
zation of fats materials from adipose tissue and liver to the
blood stream caused a hyperlipidemic state (Paulikova &
Sedelokova, 1988). The results exhibited decrease of blood Fe
and Cu via radiation exposure. The hematopoietic system is
exquisitely sensitive where the acute exposure to radiation
causes a sequence of changes that lead to disturbance in the
red blood cells function including intravascular hemolysis
(Kotb et al., 1990) and decrease in the erythrocytes (John &
Gray, 1992). Irradiated rats treated with aloe vera, showed
improved hepatic architecture with normal central vein and
improved cell membrane. Treatment with aloe vera showed
normal spherical nuclei, prevented pyknotic nuclei
(apoptosis) features and many cells undergoing mitotic divi-
sion were seen. Aloe vera conferred significant protection
against radiation induced hepatotoxicity as well as histologi-
cal and biochemical changes (Arosio et al., 2000; Chandan
et al., 2007; Rezk, 2005; Matsuda et al., 2008).
Inconclusion,aloe veragel extractwhengivenpre-andpost-
irradiation successfully improved the effect of radiation-
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mizing the lipidperoxidationprocess, enhancingofGSHcontent
and increasing the MT-induction. Also it could improve Fe and
Cu concentrations in liver tissue and has a good effect on the
essential trace elements of intestinal tissue of irradiated rats.r e f e r e n c e s
Arosio, B., Gagliano, N., Fusaro, L. M., Parmeggiani, L.,
Tagliabue, J., Galetti, P., et al. (2000). Aloe-Emodin quinone
pretreatment reduce acute liver injury induced by carbon
tetrachloride. Pharmacology and Toxicology, 87(5), 229.
Beutler, E., Duron, O., & Kelly, B. M. (1963). Improved method for
the determination of blood glutathione. The Journal of
Laboratory and Clinical Medicine, 61, 882.
Bezakova, L., Oblozinsky, M., Sykorova, M., Paulikova, I., &
Kostalova, D. (2005). Antilipoxygenase activity and the trace
elements content of Aloe vera in relation to the therapeutical
effect. Czech and Slovak Pharmacy, 54(1), 43.
Bienengra¨ber, M., Forderkunz, S., Klein, D., & Summer, K. H.
(1995). Determination of Cu-containing metallothionein:
comparison by Ag saturation assay, thiomolybdate assay and
enzyme-linked immuonosorbent assay. Analytical
Biochemistry, 228, 69.
Byrkit, D. R. (1980). Elements of statistics (3rd ed.). New York: Van
Noshand.
Chandan, B. K., Saxena, A. K., Shukla, S., Sharma, N.,
Gupta, D. K., Suri, K. A., et al. (2007). hepatoprotective
potential of aloe barbadensis Mill. against carbon
tetrachloride induced hepatotoxicity. Journal of
Ethnopharmacology, 111(3), 560.
Cherian, M. G., & Chan, H. M. (1993). Biological functions of
metallothionein: a review. In K. T. Suzuki, N. Imura, &
I. Kimura (Eds.), Metallothionein III: Biological roles and medical
implications (pp. 87). Basal: Birkhauser Verlag.
Choi, S., & Chung, M. H. (2003). A review on the relationship
between Aloe vera components and their biologic effects.
Seminars in Integrative Medicine, 1, 53.
Dahm, L. J., Bailie, M. B., & Roth, R. A. (1991). Relationship between
alpha-naphthylisothiocyanate-induced liver injury and
elevation in hepatic non-protein sulfhydryl content.
Biochemical Pharmacology, 42(6), 1189.
Dalla, P. (1968). Intestinal malabsorption in patients undergoing
abdominal radiation therapy. In M. E. Sullivan (Ed.),
Gastrointestinal radiation injury (pp. 261). Washington: Richland.
Dasgupta, A., Malhotra, D., Levy, H., Marcadis, D., Blackwell, W., &
Johnston, D. (1997). Decrease total antioxidant capacity but
normal lipid peroxide concentration in plasma of critically ill
patients. Life Sciences, 60(4e5), 335.
Eshun, K., & He, Q. (2004). Aloe vera: a valuable ingredient for the
food, pharmaceutical and cosmetic industries-a review.
Critical Reviews in Food Science and Nutrition, 44, 91.
Fee, J. A., & Valentine, J. S. (1977). Chemical and physical
properties of superoxide. In A. M. Michelson, J. M. McCord, &
I. Friderich (Eds.), Superoxide and superoxide dismutases (pp. 19).
London: Academic Press.
Fonck, K., Scherphof, G., & Konings, A. (1982). the effect of X-
irradiation on membrane lipids of lymphosarcoma cells
in vivo and vitro. Journal of Radiation Research, 23, 371.
Forman, H. J., & Fisher, A. B. (1998). Antioxidant defense. In
D. L. Gibret (Ed.), Oxygen and living process: An interdisciplinary
approach (pp. 235). New York: Springler.
Gupta, R., & Flora, S. J. (2005). Protective value of Aloe vera against
some toxic effects of arsenic in rats. Phytotherapy Research,
19(1), 23.Halliwell, B., & Gutteridge, J. M. C. (1990). Role of free radicals and
catalytic metal ions in human diseases: an overview. Methods
in Enzymology, 186, 1.
Hart, L. A., Nibbering, P. H., van den Barselaar, M. T., van
Dijk, H., van den Burg, A. J., & Labadie, R. P. (1990). Effects of
low molecular constituents from aloe vera gel on oxidative
metabolism and cytotoxic and bactericidal activities of
human neutrophils. International Journal of
Immunopharmacology, 12, 427.
Hirata, T., & Suga, T. (1977). Biologically active constituents of
leaves and roots of Aloe arborescens var. natalensis. Zeitschrift
fu¨r Naturforschung: C, 32(9e10), 731.
Ho, Y. S., Magnenat, J. L., Gargano, M., & Cao, J. (1998). The
nature of antioxidant defense mechanisms: a lesson from
transgenic studies. Environmental Health Perspectives,
106(Suppl.5), 1219.
IAEA. (1980). Elemental analysis of biochemical materials. Vienna
technical reports series No.197. International Atomic Energy
Agency, IAEA.
Im, S. A., Lee, Y. R., Lee, Y. H., Lee, M. K., Park, Y. I., Lee, S., et al.
(2010). In vivo evidence of the immunomodulatory activity of
orally administered Aloe vera gel. Archives of Pharmacal
Research, 33(3), 451.
Jirtle, R. L., Ancher, M. S., & Alati, T. (1990). Radiation sensitivity of
liver. In Advances in radiation biology (Vol. 14). SanDiego:
Academic Press.
John, B. S., & Gray, R. K. (1992). Introduction to hazardous
materials toxicology. In Hazardous materials toxicology (pp. 2).
Williams & Wilkins.
Kagi, J. H. R. (1993). Evaluation, structure and chemical activity of
class I metallothionein: an overview. In K. T. Suzuki, N. Imura,
& I. Kimura (Eds.), Metallothionein III: Biological roles and medical
implications (pp. 29). Basal: Birkhauser Verlag.
Korkina, L., Suprun, M., Petrova, A., Mikhal’chik, E., Luci, A., &
Luca, C. (2003). The protective and healing effects of a natural
antioxidant formulation based on ubiquinol and Aloe vera
against dextran sulfate-induced ulcerative colitis in rats.
Biofactors, 18(1e4), 255.
Kotb, M. A., El-Khatib, A. M., Morsey, A. A., Ramadan, M. I. A., & El-
Bassiouni, E. A. (1990). Changes in mineral elements in some
tissues of mice following neutron irradiation. Isotopenpraxis
Isotopes in Environmental and Health Studies, 26(7), 297.
Langmead, L., Feakins, R. M., Goldthorpe, S., Holt, H., Tsironi, E.,
De Silva, A., et al. (2004). Randomized, double-blind, placebo-
controlled trial of oral Aloe vera gel for active ulcerative colitis.
Alimentary Pharmacology & Therapeutics, 19, 739.
Lim, B. O., Seong, N. S., Choue, R. W., Kim, J. D., Lee, H. Y.,
Kim, S. Y., et al. (2003). Efficacy of dietary aloe vera
supplementation on hepatic cholesterol and oxidative status
in aged rats. Journal of Nutritional Science and Vitaminology, 49(4),
292.
Majno, G., & Joris, I. (1996). Cells, tissues and disease. In Principal
of general pathology. Part I, cellular pathology. Blackwell Science.
Matsuda, Y., Yokohira, M., Suzuki, S., Hosokawa, K., Zeng, Y.,
Ninomiya, F., et al. (2008). One-year chronic toxicity study of
Aloe arborescens Miller var. natalensis Berger in Wistar
Hannover rats. A pilot study. Food and Chemical Toxicology,
46(2), 733.
McKenzie, S. J., Baker, M. S., Buffinton, G. D., & Doe, W. F. (1996).
Evidence of oxidant-induced injury to epithelial cells during
inflammatory bowel disease. The Journal of Clinical Investigation,
98(1), 136.
Morcillo, M. A., Rucandio, M. I., & Santamaria, J. (2000). Effect
of gamma irradiation on liver metallothionein synthesis
and lipid peroxidation in rats. Cellular and Molecular Biology,
46(2), 435.
Nada, A. Sh., Gharib, O. A., Noaman, E., & Amin, N. E. (2008). Early
signs of trace element alteration induced by environmental
j o u rn a l o f r a d i a t i o n r e s e a r c h and a p p l i e d s c i e n c e s 6 ( 2 0 1 3 ) 3 1e3 7 37pollutants and radiation exposure in rats. Egyptian Journal of
Radiation Sciences and Applications, 21(2), 515.
Noaman, E., & Gharib, O. A. (2005). Early signs of oxidative
stress induced by environmental pollutants and radiation.
Egyptian Journal of Radiation Sciences and Applications, 18(2),
335.
Ozsoy, N., Candoken, E., & Akev, N. (2009). Implications for
degenerative disorders: antioxidative activity, total phenols,
flavonoids, ascorbic acid, b-carotene and a-tocopherol in Aloe
vera. Oxidative Medicine and Cellular Longevity, 2, 99.
Paulikova, E., & Sedelokova, A. (1988). Glycogenesis and
lipogenesis from 14C-glucose in vivo in rats irradiated with
fractionated doses of gamma rays. Physiologia Bohemoslovaca,
37(4), 333.
Peng, S. Y., Norman, J., Curtin, G., Corrier, D., McDaniel, H. R., &
Busbee, D. (1991). Decreased mortality of Norman murine
sarcoma in mice treated with the immunomodulator,
acemannon. Molecular Biotherapy, 3, 79.
Pierrel, F., Cobine, P. A., & Wing, D. R. (2007). Metal ion availability
in mitochondria. Biometals, 20(3e4), 675.
Pietta, P., Simonetti, P., & Mauri, P. (1998). Antioxidant activity of
selected medicinal plants. Journal of Agricultural and Food
Chemistry, 46, 4487.
Pulpanova, J., Kovarova, H., & Ledvina, M. (1982). Changes in the
reduced glutathione concentration and the activity of
glutathione reductase in some tissues of the rats gamma-
irradiated after the administration of cystamine. Radiobiologia,
Radiotherapia, 23(1), 50.
Rajasekaran, S., Ravi, K., Sivagnanam, K., & Subramanian, S.
(2006). Beneficial effects of Aloe vera leaf gel extract on
lipid profile status in rats with streptozotocin diabetes.
Clinical and Experimental Pharmacology and Physiology, 33(3),
232.
Rajasekaran, S., Sivagnanam, K., & Subramanian, S. (2005).
Antioxidant effect of Aloe vera gel extract in streptozotocin-
induced diabetes in rats. Pharmacological Reports, 57(1), 90.
Rezk, R. G. (2005). Modulatory role of Aloe vera on gamma
irradiation-induced histological changes in different tissues of
rats. Egyptian Journal of Radiation Sciences and Applications, 18(1),
97.
Saada, H. N., Azab, K. S., & Zahran, A. M. (2001). Post-irradiation
effect of brancho-vason, O. M. 85 B V, and its relationship to
anti-oxidant activities. Die Pharmazie, 56, 239.
Saada, H. N., Ussama, Z. S., & Mahdy, A. M. (2003). Effectiveness of
Aloe vera on the antioxidant status of different tissues in
irradiated rats. Die Pharmazie, 58(12), 929.
Sabeh, F., Wright, T., & Norton, S. J. (1993). Purification and
characterization of a glutathione peroxidase from the Aloe
vera plant. Enzyme & Protein, 47(2), 92.
Safer, J. D., Crawford, T. M., & Holick, M. F. (2005). Topical thyroid
hormone accelerates wound healing in mice. Endocrinology,
146(10), 4425.Said, U. Z., Rezk, R. G., & Saada, H. N. (2005). Role of calcium
pantothenate in recovery of radiation induced injury to
mammalian organs. Egyptian Journal of Radiation Sciences and
Applications, 18(1), 17.
Saito, M., Tanaka, M., Misawa, E., Yamada, M., Yamauchi, K., &
Iwatsuki, K. (2012). Aloe vera gel extract attenuates ethanol-
induced hepatic lipid accumulation by suppressing the
expression of the lipogenic genes in mice. Bioscience,
Biotechnology, and Biochemistry, 76(11), 120393.
Sato, M., & Bremner, I. (1993). Oxygen free radicals and
metallothionein. Free Radical Biology & Medicine, 14, 325.
Schachter, D. (1984). Fluidity and function of hepatocytes plasma
membranes. Hepatology, 4, 140.
Scheuhammer, A. M., & Cherian, M. G. (1986). Quantification of
metallothioneins by a silver-saturation method. Toxicology and
Applied Pharmacology, 82, 417.
Shelton, M. (1991). Aloe vera, its chemical and therapeutic
properties. International Journal of Dermatology, 30, 679.
Singh, R. P., Dhanalakshmi, S., & Rao, A. R. (2000).
Chemomodulatory action of Aloe vera on the profiles of
enzymes associated with carcinogen metabolism and
antioxidant status regulation in mice. Phytomedicine, 7(3), 209.
Sorenson, J. R. J. (1978). An evaluation of altered copper, iron,
magnesium, manganese and zinc concentrations in
rheumatoid arthritis. Inorganic Perspectives in Biology and
Medicine, 2, 1.
Summers, R. W., Maves, B. V., Reeves, R. D., Arjes, L. J., &
Oberley, L. W. (1989). Irradiation increases superoxide
dismutase in rat intestinal smooth muscle. Free Radical Biology
& Medicine, 6(3), 261.
Surjushe, A., Vasani, R., & Saple, D. G. (2008). Aloe vera: a short
review. Indian Journal of Dermatology, 53(4), 163.
Tribble, D. L., Aw, T. Y., & Jones, D. P. (1987). The
pathophysiological significance of lipid peroxidation in
oxidative cell injury. Hepatology, 7, 377.
Underwood, E. J. (1977). Trace elements in human and animal
nutrition (4th ed.). New York: Acad. Press, Inc.
Vinson, J., Al Kharrat, A. H., & Andreoli, L. (2005). Effect of
Aloe vera preparations on the human bioavailability of
vitamins C and E. Phytomedicine, 12(10), 760.
Winum, J. Y., Scozzafava, A., Montero, J. L., & Supuran, C. T.
(2007). Metal binding functions in design of carbon anhydrase
inhibitors. Current Topics in Medicinal Chemistry, 7(9), 835.
Wu, J. (2008). Anti-inflammatory ingredients. Journal of Drugs in
Dermatology, 7(Suppl.7), 13.
Yoshioka, T., Kawada, K., Shimada, T., & Mori, M. (1979).
Lipid peroxidation in maternal and cord blood and
protective mechanism against activated oxygen toxicity in
the blood. American Journal of Obstetrics and Gynecology,
135(3), 372.
